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The effect of double thermal ageing treatment (DTAT) on the hardness, impact and tensile properties of
Al–Cu–Mg/rice husk ash composite produced by double stir casting method has been studied. From the
results obtained, DTAT samples showed better hardness, impact and tensile properties as compared with
the STAT samples. These significant improvements were evidenced in the DTAT for 5 h (with a hardness
value of 81.3 HRB) and DTAT for 4 h with impact strength of 72 kJ/m2 and Ultimate tensile strength of
129.797 N/mm2 respectively. The Microstructural analysis revealed that more precipitates were formed
and more evenly distributed in the DTAT than STAT. It can be deduced that the thermal treatment has
improved the mechanical properties of the composite studied under this condition.
 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Aluminium matrix composites gain much interest due to their
superior properties compared to monolithic aluminium alloys
[1]. Strength, stiffness, and wear resistance are among several
properties which are improved by the hard reinforcement phases
[2,3]. Generally, different processing techniques can be used to
produce metal matrix composites these include; powder metal-
lurgy, stir casting, infiltration casting, direct melt oxidation, hot-
dipping and sintering of ball-mill activated mixture of powders
etc. [2–4]. The use of appropriate heat treatment conditions, leads
to the formation of precipitates in the matrix material in a form of
separate phases, leading to an improvement of interfacial strength
of the composite, thereby enhancing the overall strength of the
material [5–7].
Problems, both technical and material-wise, innate to existing
processing methods are non uniform reinforcement phase distri-
bution, weak bonding at interface of reinforcement/matrix, unde-
sirable chemical reaction at interface, slow kinetics of reaction,
trapped porosity, and others [5].
Previous research done in the development of Al–Cu–Mg based
composites using synthetic reinforcements such as silicon carbide
(SiC) and titanium oxide (TiO), has shown that there is high costimplication of using these synthetic reinforcements. Due to these
draw backs, research is now geared towards the use of low cost,
high SiO content and low density reinforcement materials such
as fly ash, bagasse ash, rice husk ash etc. [7]. In recent times, it
has been shown that RHA can be used as reinforcement in Al–
Cu–Mg composite and by varying the percentage composition
and particle size of the RHA, the RHA is absorbed by the alloy up
to 3% by weight and with 150 microns particle size a combination
of good properties can be obtained [9–12]. For the purpose of this
study, a two-step ageing treatment (double thermal ageing treat-
ment; DTAT) was developed for Al–Cu–Mg/3%RHA composite.Experimental
Materials and equipment
The materials used in this study include aluminium scraps
obtained from NOCACO Kaduna, aluminium–Copper ligand
(Al2Cu), Magnesium ribbon (Mg), Rice Husk Ash (Ash), charcoal,
distilled water, hydrofluoric acid, nitric acid, alumina paste, while
some of the equipments employed in this study include charcoal
fired crucible furnace (made of steel and with a capacity to retain
heat up to 1200 C), indentec universal hardness testing machine
(model 8187.5 LKV(B) with a minor load of 10 kgf and a total load
of 100 kgf) and tensile testing machine (using Monsanto Tens-
ometer of type W).
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Fig. 1. Variation of average hardness value with ageing time.
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The ash was produced by heating the husk in a furnace to a tem-
perature of 700 C. The ash produced was then ball milled and
sieved with a 150 micron sieve aperture. The chemical composition
of the rice husk ash from this process is presented in (Table 1).
Composite production
Double stir casting method was employed in the production of
the composite with charge calculation as shown in (Table 2). Alu-
minium scraps were first charged into the furnace and was heated
to a temperature above the melting point of aluminium (>700 C)
to ensure that the wire melts completely. The aluminium–copper
ligand was then charged into the crucible and was also allowed
to melt after heating for thirty minutes. The magnesium ribbon
was then added and the molten composition was stirred using a
stirring rod. The slag formed was removed using slag scooper.
The ash was added and the mixture was manually stirred for about
5 min. The melt was then superheated to 800 C ± 50 C and a sec-
ond stirring was performed using a mechanical stirrer for 10 min
before pouring the molten metal into the prepared sand moulds.
Heat treatment of the composite produced
A total of twenty samples for tensile, impact, hardness and
micrograph were machined and solution heat treated by heating
to 540 C and holding at that temperature for one hour in an elec-
trical heat treatment furnace. The samples were then rapidly
quenched in water at room temperature of 22 C. The quenched
samples were then given double thermal ageing treatment (DTAT)
by pre ageing at 90 C for one hour followed by ageing at 180 C for
1–5 h at 1 h intervals respectively. Some of the quenched samples
were given single thermal ageing treatment (STAT) by ageing
directly at 180 C for 2 h to serve as the control.
Hardness measurement
The hardness value of six (6) samples (5 for DTAT and 1 for
STAT) was measured. Scale B was used reemploying 1/16 inch dia-
meter ball indenter with 100 kg load in accordance with ASTM
E18-79. The hand wheel was smoothly rotated clockwise to uplift
the anvil until the sample came in contacted with the indenter. The
hand wheel was further rotated slowly and smoothly until the cur-
sor reached the end position, where a buzzing warning was given
out indicating that the rotation should be stopped at once and the
hardness value at each stage was determined by taking an average
from three measurements.
Impact measurement
The impact characteristics of six (6) samples (5 for DTAT, and 1
for STAT) were measured using Hounsfield Balanced ImpactTable 2
Charge calculation of the composite produced (%Wt).
Element Al
Percentage composition 91.9
Table 1
Chemical composition of the rice husk ash (%Wt).
Chemical composition SiO2 Al2O3 Fe2O3
Percent composition 94.04 0.249 0.136Strength Testing Machine. This was done by inserting the sample
into the notch holder and the load released to produce the impact.
The reading was then taken from the scale on the machine.
Tensile measurement
The tensile characteristics of six (6) samples comprising of ulti-
mate tensile strength (UTS), Young’s modulus (E), and elongation
(dl)) were determined using Monsanto Tensometer of Type W.
Scanning electron microscopy (SEM) examination
A total of two samples were used. The cut specimens were
mounted in Bakelite and mechanically ground progressively on
grades of SiC impregnated emery paper (80–600 grits) size using
water as the coolant. The ground specimen was then polished
using one-micron size alumina polishing powder suspended in
distilled water. Final polish was done using 0.5-micron alumina
polishing powder. Following the polishing operation, etching of
the polished specimen was done using Kellers reagent. Scanning
electron microscopy was then used to determine the surface mor-
phology of the samples.
Results and discussion
Hardness measurement and thermal ageing treatment of Al–Cu–Mg/
RHA composite
From the result of DTAT and STAT samples shown in (Fig. 1), the
hardness value of STAT was 67.8 HRB while the maximum value
for DTAT was 81.3 HRB respectively. It is obvious from these results
that STAT Al–Cu–Mg/RHA composite has the lowest hardness
value. This infers that the pre-ageing treatment has an appreciable
influence on the strengthening of this composite.
In the DTAT condition, the hardness increased from 1–5 h of
ageing continuously as compared to the STAT condition which is
similar to the results elsewhere [7,8]. The reason is probably
because in the DTAT treatment, finer dispersions of GP zones and
Precipitates occurred; this is also reported by other researchers [9].Cu Mg RHA
3.7 1.4 3
CaO MgO N2O K2O LOI
0.622 0.442 0.023 2.49 3.52
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composite
From the result of impact measurement shown in Fig. 2, the
impact strength was maximum after DTAT of 4 h and minimum
after 2 h of DTAT treatment while the STAT treatment had impact
strength of 58 kJ/m2.
This is obvious as stiffness increases with increasing hardness
and decreasing ductility as evident in this study.Plate 2. SEM micrograph of DTAT (5 h) of Al–Cu–Mg/RHA composite.Tensile measurements and thermal ageing treatment of Al–Cu–Mg/
RHA
From the results obtained, the ultimate tensile strength was
observed to be maximum after 4 h of DTA treatment with a value
of 129.797 N/mm2 while STAT treatment had a value of 100.196 N/
mm2.
The strain was observed to be maximum after 4 h of ageing time
with a value of 0.062 while the STAT had a value of 0.058.
In comparison with the STAT treatment, there is a significant
increase in the ultimate tensile strength of the DTAT after 4 h age-
ing time probably due over ageing. The strain of the composite also
decreased from a maximum value at 4 h ageing time to the lowest
strain value at five hours of ageing time. This can probably be
attributed to the strengthening phases present after refinement
of microstructure due to the heat treatment.Comparative study between DTAT and STAT of Al-Cu-Mg/RHA
composite studied
From the hardness, impact and tensile test results and
discussions made, it is obvious that heat treatment has increased
the mechanical properties of this composite under the studied con-0 
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Fig. 2. Variation of impact strength with ageing time.
Plate 1. SEM micrograph of STAT of Al–Cu–Mg/RHA composite.dition. The DTAT treatment gave the composite a better hardness
value as compared with the STAT treatment. In the DTAT treatment
considered in this research, the DTAT at 180 C for 5 h of ageing
gave the composite a higher hardness and may be adopted in sub-
stitute for the conventional STAT treatment of ageing at 180 C for
2 h.Relationship between microstructure and mechanical properties of Al-
Cu-Mg/RHA composite
Plates 1 and 2 show some representative SEM micrographs of
the Al–Cu–Mg/RHA composite produced. It is observed that there
is a good dispersion of the RHA particulates in the Al alloy matrix
and little particle clusters are observed. Thus there is no significant
problem of segregation or sedimentation which often occurs
during solidification of MMCs having components with different0 
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Fig. 3. Variation of UTS with ageing time.
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Fig. 4. Variation of strain with ageing time.
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double stir casting process adopted for the production of the com-
posites is reliable judging from the microstructures examined.
It can be seen from the SEM micrographs that as the treatment
continues, more of the hardness phases are formed. This agrees
with the hardness results obtained in (Fig. 1) which continued to
increase with ageing time. Also, as the peak tensile strength was
reached after 4 h of ageing, the tensile strength dropped, possibly
due to increase in the hardness which made the material brittle.
This is also indicated by the decrease in strain of the material after
4 h of ageing (Figs. 3 and 4).
Conclusion
Froman energy saving and cost reduction point of view, research
has been focusing on examining the possibility of shortening the
heat treatment cycle without sacrificing mechanical properties to
a great extent [10]. In this research, the variation in ageing time
of the DTAT samples has greatly improved the properties of the
composite by a good percentage. In line with the above, the follow-
ing conclusions are made;
1. DTAT treatments with varying ageing time have been shown as
one of the possible ways to improve hardness, impact value and
tensile properties of Al-Cu-Mg/RHA composite within the
studied pre-ageing temperature and ageing times.2. The peak hardness value of 81.3 HRB, impact value of 72 kJ/m2,
and UTS value of 129.797 was achieved from DTAT treatment
comprising of a low temperature ageing at 90 C for 1 h of age-
ing, followed by ageing at 180 C for 1–5 h.
3. The improvement of hardness with the DTAT treatment can be
attributed to the finer dispersion of precipitates obtained as a
result of the low temperature ageing, which was further
retained and fully transformed to finer particles at higher age-
ing temperature and time.
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